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ABSTRACT
The "hydrogen economy" envisions the 
energy needs of the United States in the 
early part of the next century being served 
by a network of nuclear plants producing 
electricity, hydrogen, and perhaps desalted 
water. Hydrogen is a very attractive synthe­
tic fuel and offers appealing features as an 
energy carrier. This paper considers a num­
ber of factors involved in the expanded use 
of hydrogen including supply and demand, pro­
duction techniques and transmission and stor­
age .
INTRODUCTION
The three major energy carriers in the 
U.S. today are electricity, natural gas and 
petroleum liquids, mainly gasoline. The use 
of these energy carriers has developed over 
the past fifty years and their distribution 
systems are now quite well established - high 
voltage lines for electricity, an extensive 
pipeline system for natural gas, and numerous 
local outlets for petroleum products.
These three energy carriers either are, 
or depend heavily upon, fossil fuels. The 
use of fossil fuels, especially petroleum and 
natural gas, will have to diminish as these 
resources are depleted. The production of 
fossil fuels worldwide is predicted to peak 
between 2020 and 2050 and alternative energy 
sources and carriers are now actively being 
sought. These include nuclear power - both 
fission and fusion, coal and coal gasifica­
tion and liquefaction, and solar and geo­
thermal .
A renewable synthetic fuel which is 
easily transportable will probably be a ne­
cessity in the 21st century and hydrogen is a 
very attractive candidate. As a fuel, hydro­
gen burns invisible and cleanly, the primary 
combustion product being water which is eas­
ily and compatibly returned to the environ­
ment. Hydrogen can be transported in exist­
ing or newly constructed pipelines at a cost 
estimated to be roughly 2.5 times the cost to 
transport the same amount of energy as nat­
ural gas. While expensive, the cost is less 
than transmission of electrical energy by any 
means. Hydrogen can be stored as a gas, a 
liquid, or as a metal hydride and could con­
ceivably replace fossil fuels for all com­
bustion uses.
Hydrogen is not, of course, a primary 
energy source in the same sense as coal or 
uranium. Except for that which is produced 
in association with petroleum, hydrogen must 
be produced from water or water and another 
fossil fuel, usually by steam-methane reform­
ing or partial oxidation of petroleum liq­
uids. Electricity is produced from a primary 
energy source and in the long term hydrogen 
will also have to be produced from a primary 
energy source. Water will be the only raw 
material and hydrogen will be produced either 
electrolytically or thermochemically.
Many comprehensive and detailed studies 
dealing with hydrogen and the many aspects of 
a "hydrogen economy" have been published re- 
centlyl“ 5 and much of the information and 
data presented in this paper has been taken 
from these references.
Supply and Demand
Table I , taken from Meadows and De 
Carlo® and the Office of Coal Research?, 
shows past usage and forecasted demand for 
hydrogen. The large range in forecast for 
the year 2000 results from uncertainties in 
the demand for hydrogen for petroleum refin­
ing and for the gasification and liquefaction 
of coal. Table II shows the distribution of 
hydrogen and uses for 1968 and 2000.
TABLE I




U.S. Rest of World




19 70 2390 -
1975 4790 -
19 80 5740 -
2000 15 ,000-53 ,000 25,000-64, 000
TABLE II
Hydrogen End Use in the U.S.
Year
1968 2000









100% lbOl 100% 
2,060 15,000 53,000
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These projections have not taken into 
account the increased demand which would be 
generated by uses envisioned in the "hydrogen 
economy." For example, if one half the pro­
jected deficit in natural gas in the year 
2000 were to be supplied as hydrogen, an ad­
ditional 26,000 SCF/year would be required. 
5,900 SCF/year would be required in the year 
2000 should hydrogen be used as a fuel for 
10% of U.S. air transportation.
Production Techniques and Costs
State of the art technology provides two 
techniques to produce hydrogen. The first is 
by the reaction of water with a hydrocarbon 
such as steam-methane reforming or partial 
oxidation of petroleum liquids. These pro­
cesses are very well developed and the hydro­
gen cost depends heavily on the cost of the 
hydrocarbon raw material. Table III shows 
production costs for various synthetic fuels. 
It can be seen that producing hydrogen from 
methane adds roughly 60C per million Btu to 
the cost of the product. Partial oxidation, 
not shown in Table III, produces more expen­
sive hydrogen than steam-methane reforming.
TABLE III




Hydrogen Steam Methane Reforming,
Methane at AOc/MSCF 100
Coal Gasification, 







and 8 mills/kvhr 170




Ammonia Natural Gas at 45c/MSCF 160
Source: Hydrogen and Other Synthetic Fuels, USAEC, TID
26136, UC-80, September, 1972
The second technique, water electroly­
sis, is also fairly well developed, but is 
quite expensive. In an advanced type elec­
trolyzer 71% of the net manufacturing cost is 
for electric power. In a plant producing 
44,000 lb H 2/hr (200 million SCF/day) the 
production cost would be about $3.30/million 
Btu (108C/MSCF). Capital investment for such 
a plant would be approximately 40 million 
dollars, which can be compared to the cost of 
the associated 1000 MW electric generating 
plant of about 340 million dollars.
Hydrogen via coal gasification may be 
attractive in the short term and cost esti­
mates indicate that it may be relatively in­
expensive. A plant to produce 200 million 
SCF/day of hydrogen from coal is estimat- 
ed^ to cost about 44 million dollars and to 
yield production costs of about $1.50 per 
million Btu using 10$/ton coal.
Table IV shows the delivered cost of 
energy in the form of natural gas, electric­
ity, and electrolytic hydrogen and clearly 
displays the incentive for research in the 
area of thermochemical decomposition of 
water. The energy efficiency of producing 
electrolytic hydrogen is relatively low, in 
range of 25-30%, because of the low thermal 
efficiency of generating electricity from a 
primary energy source. In thermochemical 
processes the objective is to use thermal 
energy directly in a chemical process com­
prising a series of chemical reactions and 
the associated separation stages. Research 
is now underway in the U.S., Europe and Japan 
with the objective of developing thermochem­
ical water decomposition processes which will 
deliver high thermal efficiencies and, hope­
fully, lower operating and capital costs.
TABLE IV
Price of Delivered Energy 
$ per million Btu
Electrolytic
Electricity Natural Gas Hydrogen
Production 2.671 0.17 2.9-3.2
Transmission 0.61 0.20 30.52
Distribution 1.61 0.27 0.34
Total 4.89 0.64 3.8-4.1
1 9.1 Mills/kwhr
2 Using 9.1 mills/kvhr electricity
3 H2 at $3/million Btu as compression fuel in opti­
mized pipeline, compared to natural gas at $0.25/- 
million Btu
Source: Gregory, D. P., A Hydrogen Energy System.
American Gas Association, Cat. No. L21173, 
August, 1972
Transmission and Storage
The transmission of large quantities of 
hydrogen over fairly short distances is a 
common industrial practice. The Chemische 
Werke Huls AG in the German Ruhr operates a 
130 mile hydrogen pipeline network. The 
system operates at 150 psig with an annual 
throughput of about 10 billion SCF.
U.S. companies, including Air Products 
and Chemicals and Linde, operate short hydro­
gen pipelines and have indicated^ their be­
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lief that operation of longer pipelines would 
not present insurmountable technical prob­
lems. Currently available natural gas pipe­
lines would not necessarily represent optimum 
configurations for the transmission of hydro­
gen, either in terms of size or location of 
compression stations. The Institute of Gas 
Technology has estimated^ that a fully opti­
mized pipeline system could transmit hydrogen 
at a cost of 3.5 to 4.5 C/million Btu per 100 
miles at an average pressure of 750 psig. 
This cost could be reduced by about 30% if 
2000 psi operating pressures could be used.
The question of the effect of hydrogen 
on materials of construction is still open. 
Classical "hydrogen embrittlement" has not 
been a problem with existing mild steel pipe­
lines. NASA, however, has recently identi­
fied a phenomenon termed "hydrogen environ­
ment embrittlement," so named to indicate the 
effect of hydrogen on the surface of materi­
als rather than the effect of hydrogen when 
it is present within the material. NASA ex­
perienced failures in high pressure storage 
vessels containing very high purity hydrogen. 
These frequently occurred, however, in welded 
sections and this sort of failure has not 
been experienced in normal high pressure 
"bottles" which are typically one piece forg­
ed units. While a number of materials, in­
cluding titanium, aluminum and copper alloys 
and certain stable austenitic stainless 
steels (316, 347, A-286), have been identi­
fied as not susceptible to hydrogen environ­
ment embrittlement, more research on this 
subject is required to completely clarify the 
situation.
Hydrogen can be stored underground in 
depleted natural gas fields, salt or mined 
caverns or above ground in bottles or pres­
sure vessels. Work is being done at the 
Brookhaven National Laboratory on storage as 
a metal hydride. Capital costs for hydrogen 
storage, because of its lower heating value, 
are higher than for natural gas, typically by 
a factor of 3 to 5. Reference 2 provides a 
detailed discussion of hydrogen storage, in­
cluding liquefaction.
The Future
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Movement toward the greater use of hy­
drogen in commercial, industrial and residen­
tial situations will be strongly influenced 
by varying economic conditions. Production 
costs may be the prime determinant in the 
development of a hydrogen economy and much 
work is being done on this problem today. 
The steady and sure depletion of our reserves 
of fossil fuels, however, will exert strong 
pressure to develop synthetic fuels. Envi­
ronmental considerations will require that 
the synthetic fuel be clean and nonpolluting. 
Hydrogen meets these requirements and we may 
expect to see increased emphasis on its pro­
duction and use in the near future.
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